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Abstract

Scaffold designs must accommodate the complex regeneration processes of damaged
bone tissues. We attempt to achieve this goal by developing a composite electrospun
scaffold mimicking the structural and functional requirements of extra cellular matrix This
study investigates the use of a novel bone tissue regeneration formulation of tea tree oil
(TT) and zinc nitrate Zinc, incorporated into a polyurethane (PU) nanofibres scaffold
fabricated via the well-known electrospinning technique.The diameter of these nano-
composites fibres was smaller (PU/TT-495 = 184 nm and PU/TT/(ZnNO3),—409 +
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I55 nm) than polyurethane (1099 + 18 nm) on its own. Fourier transform infrared
spectroscopy analysis revealed that the PU and the additives interact through hydrogen-
bond formation. Measuring the wettability of the PU/TT indicated a hydrophobic nature
(115 £ 2) which was reversed by the addition of (ZnNO3), to PU/TT (69° £ 2). TT and the
addition of (ZnNOs), increased the tensile strength. Atomic force microscopy showed
that the fibres of PU/TT (633 + 297 nm) and PU/TT/(ZnNO3), (345 £ 147 nm)were
smoother than the PU (854 + 32 nm). The developed nanocomposites showed delayed
blood clot activation and reduced toxicity as determined by anticoagulant studies.
Further, bone-forming abilities quantified by in vitro calcium deposition studies indicated
enhanced calcium deposition (PU/TT-5.6% and PU/TT/(ZnNO3),—10.8%) in comparison
to PU (2.4%). We have demonstrated that the attributes of these nanocomposites maybe
successfully exploited for bone reconstruction.

Keywords
polyurethane, (ZNNOs),, tea tree oil, electrospun scaffold, blood compatibility, bone
tissue applications

Introduction

Bone replacement is needed to treat bone cysts, tumour ablation, neurosurgical defects
and osteolysis.'* The repairing of damaged bone is challenging and requires multifaceted
approaches to achieve successful regeneration. Recently tissue engineered scaffolds have
been used to remodel damaged bone tissue aiming to overcome the limitations of
conventional strategies such as auto and allografts. These limitations include donor
scarcity, immune rejection and infection in the transplanted tissues.'” Although some
setbacks of conventional methods can be overcome, more appropriate scaffolds designs
are vital for improved cell adhesion and proliferation. The ideal bone scaffold should
possess properties such as biocompatibility, biodegradability, be non-toxic, and exhibit
good mechanical strength.'*> Although several materials options are available for bone
scaffolds, polymer-matrix composites are the most popular for tissue engineering ap-
plications due to their versatility and tailor-made properties.'>~” Further, the developed
scaffold should have the potential to mimic'* the three-dimensional ECM structure
containing as it does, nano-scale fibrous proteins and proteoglycans.''”

In designing a scaffold with nano-scale matrices, various fabrication techniques have
been employed such as particle leaching, electrospinning, freeze-drying, and gas
foaming.® The scaffolds produced by electrospinning are the most common choice for
tissue engineering. These electrospun scaffolds produce fibres with a structure closely
resembling the structure of native human ECM.’ Electrospinning is a cost-effective,
versatile and conceptionally simple way of fabricating nanofibres using high voltage low
current electricity to draw out the fibres.'' The syringe pump loads a blunt hypodermic
needle with a solution that is drawn into a fibres by an electrostatic field which may be
collected on a grounded target.'>'> The fabricated fibre possesses a high surface to
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volume ratio and porosity.'*'> In this work, the bone scaffold was developed based on
synthetic polyurethane polymer as a matrix. Tecoflex EG-80 A has two segments namely
methylene bis(cyclohexyl) diisocyanate (hydrogenated MDI, HI2MDI) which acts as a
hard segment and soft segment as polytetramethylene oxide with a molecular weight of
1000 g/mol. It also contains 1,4 butane diols as a chain extender. Polyurethane scaffolds
are widely used in tissue construction because of ease of processing, flexibility, bio-
compatibility, biodegradable, haemocompatibility, and tailorable chemical and physical
forms.'®

A combination of essential oil and metallic particles was added to PU to improve its
biological properties. Essential oils (EOs) are extracted through hydro-distillation or
steam distillation from various parts of the medicinal plants such as flowers, leaves, barks,
roots, and fruits. EOs are composed of various chemical constituents such as alcohols,
polyphenols, terpenoids, carbonyl compounds, and aliphatic compounds. These com-
ponents have been reported to possess various biological properties useful in different
applications in the pharmaceutical, agricultural, sanitary, and food industries.'’ Metal ions
are known to perform key roles in many critical human bodily functions. It has been
reported that a scarcity of certain metal ions leads to illness.'® Metal ions are reported to
possess various biological properties which find application in diagnostics, therapy,
anticancer drugs, catalysis, material synthesis and photochemistry.'®

Test polyurethane matrix composites were manufactured with the aim of improving
bone-forming abilities by adding TT and zinc nitrate. Tea tree oil-commonly called
melaleuca oil is obtained from the Melaleuca alternifolia leaves, a native Australian
plant.?° TT contains terpene hydrocarbons, sesquiterpenes, and related alcohols.”’ TT oil
possesses therapeutic anti-inflammatory and antimicrobial attributes.”’ Some studies
report the fabrication of the fibrous scaffolds containing tea tree oil: the composite
scaffolds displayed improved tensile strength and long-term antimicrobial effects.****
Scaffolds incorporating metallic particles are reported to have significantly enhanced
tensile strength promoting properties.>*** Zinc (Zn) is a widely used metallic and in-
organic material which is reported to have significant antibacterial activity -this property
is widely exploited in toothpaste, sunscreens, and textiles.”>*’ Studies have demonstrated
that a fibrous scaffold containing zinc particles will show enhanced blood compatibility,
improved cell proliferation, and angiogenesis.”>**® Hence, in this study zinc nitrate was
chosen to incorporate them into polyurethane matrix.

Scaffolds containing metallic particles are gaining currency, the concomitant
addition of essential oils is a relatively new concept and may render significantly
beneficial properties to the scaffold. We demonstrate the novelty of directly incorporating
TT into a PU/(ZnNOs), scaffold in a simple single step process. The developed scaffold
displays remarkable physicochemical properties and bone-forming abilities in vitro which
maybe successfully exploited for bone tissue engineering applications.

25,29,30
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Experimental procedure

Materials

Tecoflex EG-80 A (molecular weight = 1000 g/mol), a medical-grade thermoplastic PU
polymer was supplied from Lubrizol, USA. N, N-Dimethylformamide (DMF) was ob-
tained from Merck, Germany. TT was purchased from a local vendor situated at Paradigm
Mall, Malaysia and (ZnNOs), from Sigma Aldrich, Gillingham, UK.

Preparation of PU and composite scaffold

A homogeneous solution of PU was made at 9 wt%, by dissolving 0.450 g of PU in 5 mL
of DMF and stirring continuously for 12 h with a magnetic stirrer. Similarly, a homo-
geneous 4 v/v% solution of tea tree oil was made by dissolving 120 pL in 3 mL of DMF
and stirring it for 1 h. A 4 wt% homogeneous solution of zinc nitrate was prepared by
adding 0.120 g to3 ml of DMF and stirring for 1 h. The TT solution was mixed with pure
PU solution in the ratio of 1:8 v/v% to fabricate PU/TT spinning dope. Additionally,
another composite was fabricated by mixing TT and (ZnNO3), solution into pure PU
solution in the ratio of 0.5:0.5:8 v/v% to fabricate PU/TT/(ZnNO3),. Pure PU nanofibres,
PU/TT, and PU/TT/(ZnNOs3), scaffold were electrospun using equipment supplied by
Progene Link Sdn Bhd, Selangor, Malaysia. All nanofibres were spun at a flow rate of
0.2 mL/h with an applied voltage of 10.5 kV, relative humidity of 55%, and the distance
between needle and collector drum was set at 20 cm.

Characterizations

Field emission scanning electron microscope (FESEM). For FESEM analysis (Hitachi
SU8020, Tokyo, Japan), small pieces of cut samples (1 cm X 1 cm) were gold sputtered
before imaging. The diameter was estimated by picking 30 individual locations randomly
from the image (Image J software).

Fourier transform infrared (FTIR) testing. The functional groups of PU and composite
scaffolds were observed using the Nicolet iS 5, Thermo Fischer Scientific, Waltham, MA,
USA. A small cut sample (1 cm % 1 cm) was scanned in the frequency range of 600—

4000 cm ™ 'at a resolution of 4 cm™".

Contact angle measurement

Optima contact angle unit (AST products, Inc., Billerica, MA, USA) was used to in-
vestigate the contact angle. A water droplet was placed on the testing membrane (1 cm x
1 cm) and the liquid drop was viewed through high-resolution video camera. Within a few
seconds, an image of the droplet was captured and the angle was computed manually from
the software provided with the unit.
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Thermogravimetric analysis (TGA). TGA analysis of samples was done by using Perki-
nElmer TGA 4000 unit (Waltham, MA, USA). Samples weighing 3 mg were heated in a
nitrogen atmosphere with a temperature range between 30-900°C at a rate of 10°C/
minute.

Atomic force microscopy (AFM). Surface analysis of PU and composite scaffolds was done
in AFM unit (Nano Wizard®, JPK Instruments, Berlin, Germany). A small sample (1 cm x
1 cm) was scanned in tapping mode in a normal ambient atmosphere. The images were
scanned in size of 20 pm x 20 pm with a 256-sample resolution.

Tensile testing machine. A Gotech Testing Machines, AI-3000, Taichung City, Taiwan
tensile tester was used to investigate the mechanical properties. To begin the test, 4 cm X
1.5 cm samples were pulled at a rate of 10 mm/min with a load of 500 N until failure
occurred. The results were plotted as a stress-strain curve and the values of tensile strength
were recorded.

Blood compatibility measurements

Blood testing kits were procured from Thermo Fisher Scientific, Selangor, Malaysia, and
used as received.

Activated Partial Thromboplastin Time (APTT) Assay. For the APTT assay, a small sample
was added with 50 pL of platelet-poor plasma at 37°C for 1 min and then 50 pL of rabbit
brain cephaloplastin reagent was added for 3 min at 37°C. After this the mixture was
added to50 pL of calcium chloride (CaCl,) and the formation time of blood clots was
measured using a chronometer.

Prothrombin Time (PT) Assay. For the PT assay, a small piece of the cut sample was added
with 50 pL of platelet-poor plasma at 37°C for 1 min and then added with 50 pL of sodium
chloride (NaCl)-thromboplastin reagent (Factor III). The activation of the blood clot was
done by using the sterile needle and the time taken for blood clot formation was measured
using a chronometer.

Haemolysis Assay. Fibre membrane samples were soaked in physiological saline (0.9%w/
v) at 37°C for 30 min. For positive control, a complete haemolysis of the whole blood was
performed by diluting with distilled water (4:5). Later, the mixture was taken out and
centrifuged at 3000 r/min for 15 min. Then, the absorbance of the pipetted clear su-
pernatant was recorded at 541 nm by UV-vis spectroscopy. The haemolysis rate was
calculated as reported earlier.?*=!

Bioactivity test

Bone forming ability was tested through in vitro apatite formation testing by submerging
in simulated body fluid (SBF). The PU, PU/TT, and PU/TT/(ZnNOs),scaffolds were cut
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Figure 1. FESEM images of a) PU, b) PU/TT and c) PU/TT/(ZnNO3),.

and left in 1.5 x SBF for 14 days. After 14 days’ incubation, the samples were taken and
dried. FESEM and Energy Dispersive X-Ray (EDX) analysis was used to calculate the
calcium deposited on samples.

Statistical analysis

The experiments were performed three times, a one-way analysis of variance (ANOVA)
was executed and results were reported as mean +/— standard deviation. A representative
of three independent images is provided by way of quantitative analysis.

Result and Discussion

Field Effect Scanning Electron Microscopy (FESEM) results

FESEM shows the fibrous nature of PU and composite scaffolds as shown in Figure 1.

The scaffolds showed smooth and randomly oriented fibres without bead formation.
The nanocomposite scaffolds are smaller in diameter than the PU scaffolds. The mean
diameter of the PU fibres were1099 + 118 nm whereas PU/TT and PU/TT/(ZnNOs), were
observed to be 495 + 184 nm and 409 + 155 nm in diameter. The corresponding fibre
diameter distribution curves (p < 0.05) are shown in Figure 2. The reduced diameter of the
composites is attributed to the presence of TT and (ZnNOs); in the PU matrix. In a recent
study, Mani et al. fabricated a scaffold based on ylang-ylang (Cananga odorata)
(hereafter YY) oil and zinc nitrate (ZnNO3), and also observed a fall in diameter of their
polyurethane fibres when ZnNO; was added. They ascribed the diameter reduction to a
change in viscosity of the polymeric composite solution. Further, they concluded that the
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Figure 2. Fibre distribution curve of a) PU, b) PU/TT and c) PU/TT/(ZnNO3),.

fabricated composites were conducive for bone tissue engineering.>’ Hence, we have
some evidence that our PU/TT and PU/TT/(ZnNOs), exhibiting smaller diameter will be
favourable for new bone tissue growth. EDX analysis of the PU and PU/TT scaffolds
showed only carbon and oxygen content with no trace of zinc whereas the PU/TT/
(ZnNO3), scaffold showed zinc (1.9%) in addition to the expected oxygen and carbon
content.

FTIR analysis

Fourier transform infrared spectroscopy (FTIR) is a universal analytical tool used to
identify and characterize the presence of functional groups. FTIR is widely used to
classify pure substances, impurities, mixtures, and compositions of various materials.*
Figure 3 shows the results of FTIR analysis of the PU, PU/TT, and PU/TT/(ZnNOs),
scaffolds.

The spectrum of PU sample exhibits main characteristic peaks of NH stretch at
3318 cm ™!, CH stretch at 2920 cm ™' and 2852 cm ™! and C = O stretch at 1730 cm ™' and
1701 cm™"'. The peak at 1597 cm™' and 1531 em™' are ascribed to NH vibrations,
whereas the presence of a peak at 1414 cm ™' denotes CH vibrations. C-O stretch was seen
at 1221 ecm™ "', 1105 em ™', and 770 cm ™ 'respectively.”®*! The spectra of PU/TT and PU/
TT/(ZnNO3), scaffolds were similar to that of the PU. However, the peak intensity of the
composite was increased due to the formation of hydrogen-bonds. This formation of
stronger hydrogen bonding was because of the interaction of certain molecules (NH, CH
and CO functional groups) present in PU, TT and (ZnNOs), respectively.” Further, the
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Figure 3. FTIR images of PU, PU/TT and PU/TT/(ZnNO3)5.

CH peak shift was also observed when TT and (ZnNO3), was added to the pristine PU.
The CH peak at 2920 cm ™' in PU was shifted to 2939 cm ™" in PU/TT and 2941 cm ™" in
PU/TT/(ZnNOs3), respectively.** The hydrogen bond formation and change in peak
positions substantiated the integration of TT and (ZnNO3),.

Contact angle results

Pristine PU scaffold has a contact angle of 105° = 3, in comparison to PU/TT and PU/TT/
(ZnNO3), which have angles of 115° + 2and 69° + 2 see Figure 4 (p < 0.05).

The wettability of the fabricated scaffold could be tailored by the addition of the
selected constituents. The addition of TT resulted in the increasing hydrophobic nature of
the scaffold, whereas the addition of (ZnNQO3), shifted the scaffolds towards a hydrophilic
nature signifying flexibility in tailoring the wettability of the scaffolds. Cui et al. in-
vestigated the surface wettability of the poly (D,L-lactide) (PDLA) and poly (D,L-lac-
tide)-poly(ethylene glycol) (PDLA-PEG) electrospun fibres. It has been found that the
fibre contact angle is inversely proportional to fibre diameter.*> Further, Ceylan et al.
fabricated scaffold using polystyrene and polyvinyl chloride fibres; the water contact
angles of the smaller fibre diameter were found to be higher.>® In our nanocomposite PU/
TT membrane, the fibre diameter was smaller compared to the pristine PU which should
indicate an increase in the

Contact angle. However, the composition of zinc nitrate contains water molecules
which might reverse the contact angle favoring hydrophilic behaviour. Finally, it would be
interesting to examine the contact angle changes with respect to varying essential oil
content. The optimal wettability is needed for the scaffolds in bone tissue formation to
enhance osteoblast cell adhesion. Contact angles exceeding 106° would not be conducive
for osteoblast growth.>” Though the angle of PU/TT exceeds the optimal wettability, the
addition of (ZnNOs;), to the PU/TT scaffold reverted to its optimal value. Hence, the
tailor-made wettability of PU/TT/(ZnNOs), holds potential in favouring the proliferation
of osteoblast cells.
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Figure 4. Contact angle images of (a) PU, (b) PU/TT and (c) PU/TT/(ZnNOs),.

Thermo-gravimetric analysis (TGA) results

Thermal analysis of materials fabricated for tissue engineering applications has been used
to analyze degradation behavior.*®*° A thermal analysis study was used to determine
thermal stability, the interaction of added additives, and general integrity.*’ Figures 5 and
6show the thermal curve of our PU and its composites. The initial onset of degradation
was higher for PU (284°C) compared to PU/TT (295°C) (p < 0.05). PU/TT/(ZnNOs3),
displayed slightly lower (260°C) than both (p < 0.05).

TT enhanced the thermal stability of the PU whilst adding (ZnNOj),, decreased
stability because of the evaporation of water of hydration from the zinc nitrate. The
Derivative Thermogravimetric (DTG) curve depicts weight loss curves in which PU
scaffold exhibited three weight loss peaks similar to PU/TT and PU/TT/(ZnNO3),. The
intensity of weight loss was reduced in PU/TT and PU/TT/(ZnNOs), than PU indicating
their improved thermal stability. These observations further corroborated the presence of
TT and (ZnNOs), in the polyurethane.

Surface roughness results

Figure 7 shows 3D images of PU, PU/TT and PU/TT/(ZnNO3), scaffold surfaces. The
pristine PU showed an average roughness of 854 + 32 nm. PU/TT and PU/TT/(ZnNOs),
nanocomposites exhibited an average roughness of 633 + 297 nm and 345 + 147 nm
respectively (p < 0.05). Both composites had low roughness due to the constituents of TT
and (ZnNOs), integrating with the PU. Kim et al. fabricated electrospun scaffolds from
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Figure 6. DTG curve of PU, PU/TT and PU/TT/(ZnNO3;),.

poly (e—caprolactone) (PCL) and reported that their fabricated scaffolds with smaller
diameter

Showed smoother surfaces compared to the larger diameter ones. Our observations
were similar to those findings and the added constituents might reasonably affect the fibre
diameter.*! Hence, the fabricated composites consist of smaller diameter fibres which
maybe the reason for smoother surfaces. Ribeiro et al. reported that the poly (I-lactide)
(PLA) scaffolds enhanced osteoblast cell proliferation by providing smoother surfaces.**
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Figure 7. Surface roughness of (a) PU, (b) PU/TT and (c) PU/TT/(ZnNO3),.

Hence, smooth surfaces of PU/TT and PU/TT/(ZnNO3), may reasonably be assumed to
be beneficial for bone growth.

Tensile testing

Figure 8 shows the tensile test results for PU, PU/TT, and PU/TT/(ZnNO3), scaffolds. The
tests show an increase in the tensile strength of pristine PU with the addition of TT and
(ZnNO3),. PU alone showed a tensile strength of about 6.16 MPa, while the PU/TT and
PU/TT/(ZnNO3), nanocomposites are stronger at 9.81 MPa and 13.03 MPa respectively
(p < 0.05). The mean and standard deviations for the tensile strength of the electrospun
membranes are shown in Table 1.

Unnithan et al. developed a skin scaffold based on polyurethane added with emu oil
(rendered fat from Dromaiusnovaehallandiae). The addition of emu oil resulted in an
increase in tensile strength of the pure PU which correlates with our findings. They linked
this behavior to the cohesive properties of emu oil augmenting the tensile strength.
Further, they also concluded that the fibre attachment was due to the formation of hy-
drogen bonding between PU and emu oil molecules. In our study, TT might have
possessed a similar cohesive property which would augment fibre attachment owing to the
hydrogen bonding between TT and PU and thus increasing tensile strength. Jeon et al.
developed a nano-fibrous scaffold based on PU/PCL incorporated with silver nano-
particles. It was observed that the tensile strength of the nano-fibrous PU/PCL scaffold
was increased by the addition of the silver nanoparticles. They attributed to the increase in
tensile strength to a decrease in fibre diameter. In our study, the electrospun nano-
composites were smaller in fibre diameter than the pristine PU, resulting in a likely
increase in tensile strength. Commercially available bone substitutes are autograft tissue
from the patient, allograft tissue from a human donor, or xenograft tissue from an animal.
Being derived from mammalian bone, their main composition is hydroxyapatite (HA).
The reported tensile strength of nano HA scaffold was in the range of 3—10 MPa.***
Further, tensile strengths of electrospun membranes for bone scaffolds have been reported
in the range of 4 MPa.*>*® The observed strength of our PU/TT and PU/TT/(ZnNOs),
scaffolds matched the values increasingly required for bone reconstruction.
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Table I. Mean and standard deviation of tensile strength for the electrospun membranes.

Sample Tensile strength (MPa)
PU 5.89 + 0.28

PU/TT 8.77 £ 0.734
PU/TT/(ZnNO3), 12.68 + 0.907

Blood compatibility measurements

In clinical applications, blood compatibility assessment determines the expected failure
level of fabricated membranes. When the test material contacts blood, platelet surface
interaction will take place as a result of the rapid absorption of plasma proteins. This
platelet surface interaction might lead to thrombus formation and the consequent failure of
the test material.*’ Blood clotting times of the PU and composite scaffolds were quantified
by APTT and PT assay and their results are shown in Figures 9(a) and (b). The observed
APTT time for PU was 176 =2 s and PU/TT and PU/TT/(ZnNOs), showed 205 + 3 s and
200 + 1 s respectively (p <0.05). Similarly, PT time for the pristine PU was observed at 94
+ 2 s and for the PU/TT and PU/TT/(ZnNO3), was estimated to be 109+ 1 sand 106+ 1 s
(p <0.05). The alteration in the clotting times is because of TT and (ZnNOs), added in the
PU.

The hydrophobic PU/TT showed a higher clotting time. In hydrophobic surfaces,
permanent adhesion of plasma proteins forms a surface layer that prevents further cell
adhesion, and delays clotting time. The decrease in clotting time of PU/TT/(ZnNO3), is
attributed to changes in polar and apolar regions.*® PU/TT and PU/TT/(ZnNOs), scaffolds
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Figure 10. FESEM images of bone mineralisation in the electrospun membranes (a) PU, (b) PU/TT

and (c) PU/TT/(ZnNOs),.

Table 2. EDX table of bone mineralisation in the electrospun membranes (a) PU, (b) PU/TT and

(c) PUITT/(ZnNOs3),.

PU PU/TT PU/TT/(ZnNOs),
Element Wt% z Wt% z Wt% c
C 744 0.6 65.3 | 445 |
(@) 22.1 0.5 26 0.8 35.9 0.9
Ca 2.4 0.3 75 0.7 12.9 0.9
P | 0.3 1.2 0.4 6.7 0.6
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displayed haemolytic percentages of 1.64% and 1.76%. PU showed a higher index value
of 2.83% - see Figure 9(c) (p < 0.05). The newly formed materials behave as a non-
haemolytic material according to ASTMF756-00 (2000).***' Haemocompatibility is a
multifaceted phenomenon and is found to be influenced by physical, chemical, and
surface properties. It has been reported that scaffold properties such as fibre diameter,
surface roughness, and wettability behaviour all influence blood compatibility.*’ In our
study, the reduced diameter (both composites) and hydrophobic nature (PU/TT) *° of the
developed nanocomposite resulted in anticoagulant properties.

Bone mineralization testing

The amount of calcium deposited on the PU, PU/TT, and PU/TT/(ZnNOs), was determined
using bone mineralization testing. Figure 10 and Table 2 show the corresponding FESEM
image and EDX table of the fabricated scaffolds after 14 days in Simulated Body Fluid
(SBF). The amount of calcium deposited on the PU was 2.4% and for electrospun PU/TT and

PU/TT/(ZnNOs), 7.5% and 12.9% respectively (p < 0.05). Andric et al. developed
electrospun poly (L-lactide) (PLLA) scaffolds and also investigated bone mineralization.
Membranes of gelatin incorporated PLLA showed a higher degree of calcium phosphate
mineral precipitation-a condition favourable for bone tissue engineering.”' Hence, the
acceleration of calcium deposition caused by the addition of TT and (ZnNOs), to the PU
indicating great promise for bone reconstruction.

Conclusion

This study presents the fabrication and characterization of new composite based on
polyurethane with active ingredients of tea tree (Melaleuca alternifolia) oil and zinc
nitrate. The additive modified polyurethane displayed a significant change in physico-
chemical properties and beneficial alteration of mechanical properties, namely an in-
cremental percentage of 59.25% for PU/TT and 111.53% for PU/TT/(ZnNOs),), coupled
with a decrease in toxicity of 42.05% for PU/TT and 37.81% for PU/TT/(ZnNO5),), and
an increase in bone-forming abilities of 212.5% for PU/TT and 437.5% for PU/TT/
(ZnNO3),. This demonstrates a high degree of potential suitability of PU/TT and PU/TT/
(ZnNOy), scaffolds for bone tissue engineering. However, further evaluation of potential
using osteoblast cells and in vivo animal testing is required to confirm these materials as
suitable candidates for bone tissue engineering.
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